Perinecrotic glioma proliferation and metabolic profile within an intracerebral tumor xenograft.
Intracerebral C6 glioma xenografts spontaneously develop centrally located necrotic regions that are bordered by densely packed neoplastic cells. Proliferative and metabolic heterogeneity in these perinecrotic regions were assessed by bromodeoxyuridine (BrdU) incorporation, by immunocytological and by histochemical analyses. The borders of necrotic regions are comprised of glioma cells that express increased levels of the type 1 glucose transporter (GLUT-1) with rare cells having incorporated BrdU. By contrast, BrdU-positive glioma cells are located immediately adjacent to GLUT-1-positive cells bordering areas of necrosis. BrdU-positive glioma cells are also scattered throughout poorly vascularized, central regions of the tumor and are present at the highly vascularized tumor periphery. GLUT-1 expression increased considerably when C6 glioma cells were grown for 48 h under either the acidotic conditions of pH 6.8 or under hypoxic conditions. The perinecrotic GLUT-1-positive glioma cells in poorly vascularized, centrally located tumor regions demonstrated a 75% reduction in glycogen content and negligible glycogenolytic capacity, when compared with normal brain white matter. Cytochrome c oxidase (COX) and lactate dehydrogenase (LDH) maintained 50% enzymatic activity compared to controls, while succinate dehydrogenase (SDH) activity was 25% of control values. Based upon these findings, a metabolic model is proposed in which GLUT-1-positive perinecrotic cells are growth arrested and predominantly rely upon non-oxidative glycolysis. It is further postulated that BrdU-positive, GLUT-1-negative glioma cells within the poorly vascularized, central tumor region convert glucose-6-phosphate to nucleotide precursors for DNA replication.